. e}

NACA TN No. 1547

——l

1 Fix 1348

NATIONAL ADVISORY  COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

No. 1547

TANK TESTS OF THREE TYPES OF AFTERBODIES
| ON A FLYING-BOAT MODEL
WITH BASIC HULL LENGTH-BEAM RATIO OF 10.0
By Charlie C. Garrison and Eugene P. Clement

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

T:@lk:,?

Washington
March 1948

3k

FBR REFERENCE

- SROOMTEC A ABRARY
T BE TAKEN FROM THS R O MasORiAL AERONSUTIEAL

LABORATORY

(3Ov

Lasgiey Riad, Va



A

NATIONAL ADVISORY COMMITTEE FOR ATRORAUTICS

TECHNICAL NOTE NO. 1547

TANK TESTS OF THREE TYPES OF AFTERBCDIES ON A
FLYING-BOAT MCDEL WITH BASIC HULL IENGTE-BEAM RATIO OF 10.0
By Cherlie C, Gerrison and Eugene P, Clement

SUMMARY

Three different types of afterbodies were tested on a powered dy—
nemic model of a flying boat having & basic length~beam ratio of 10.0.
An afterbody with constant dead rise, an afterbody with warped de=d
rise, and an afterbody of extended length with warped dead rise were
tested. The minimum depth of step for sdequate lending stability was
determined for each afterbody. The required depth of step at the —
centroid was 15,0 percent of the beam for the constant—desd—rise
afterbody, 13.0 percent of the beam for the warped—dead—rise afterbody,
and 21.8 percent of the beam for the extended warped—dead-rise after—

body.

Take—off stability and spray characteristics were determined for
eaech afterbody with the minimim depth of step for adeguate landing
stability. The upper and lower trim limits of stability were determined
for the constant—dead—rise afterbody and the warped~dead-—rise afterbody,
and were found to be almost the same, It was found that satisfactory
teke—offs (2° maximm amplitude of porpoising) could be made over a
range of position of the center of gravity of 15 percent mean serodynemic
chord for the constant—dead—rise afterbody, 9 percent meen serocdynamic
chord for the warped-deed-rise afterbody, and 15 percent mean sero—
dynamic chord for the extended warped—dead-rise afterbody. The spray
characteristics for each afterbody were satisfactory.

INTRODUCTION

Wind—tunnel and towing-tank tests of the past few yeers have shown
that, for flying boats, the use of hulls of high length-beam ratio allows
the air drag to be reduced (reference 1) while the hydrodynamic per—
formence is maintained (references 2 and 3), Extensive data have not
been made available, however, upon which to base the design of the after—

" body of a hull of high length~beam ratic. In order to provide information
for design, three different types of afterbodies were tested in smooth
wvater on & powered dynemic model having s basic length-beam ratio of 10.0.
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The model was & -i%-size model of & hypothetical, large flying boat

having a relatively high wing loesding and a low power loasding. An
afterbody with constant dead rise, an afterbody of the same length
with warped deed rise, and an efterbody of extended length with warped
dead rise were 1included in the investigation.

The three afterbodies were tested for landing stebllity, teke—off
stebility, end spray cheracteristics, The first part of the tests was
to determine by means of lending tests the minimm acceptable depth of
step for each afterbody. 8Since the air dreg and, therefore, the depth of
step for the conventional seaplane should be kept to a minimuum, the cholce
of afterbody type depends, in part, on the depth of step required with
each type. The three afterbodies were further evaluated by meking take—
off and spray tests with the mimimum depth of step for ad.equate landing
stability. —

SYMBOLS
Ca groass load coefficient
o w'b /
C1 serodynamic 1ift coefficient | lI'ift
\EpS‘Va
Cn serodynamic pliching-mement coefficient Pitcl;ing—moment
-a-psve‘é
Te effective thrust, pounds (Te =T — 4D = D + R)
." CAO\ :
k forebody spray coefflcient -
| (&)
k Y
1, landing trim (angle between base line of hull and water plane
at initial contact), degrees
b mexirum beem over chines, feet
c mean aerodynamic chord (M.A.C,), feet
D drag of model without propellers, pounds
AD increase in drag due to slipstream, pounds
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AN gross load, pounds

Ly length of forebody from bow to step centroid, feet

R measured resultant horizontal force with power on, pounds

p density of air, slugs per cublc foot

S area of wing, square feet

T propeller thrust, pounds

v carriage speed (approx. 95 percent of airspeed), feet per second
w gpecific weight of water (63.3 1lb/cu ft for these tests)

DESCRIPTION (OF MCDEL

The model, designeted Langley tank model 228, was a -]—?'a--size, powered,

dynemic model of a hypothetical flying boat having a gross weight of
125,000 pounds, & wing loading of 59,5 pounds per square foot, and a
power loading of 9,47 pounds per horsepower. The basic length-beam ratio
of the hull was 10.0, and the gross load coefficlent cAo was 1.95,

The general arrangement of the model with the constant—dead—rise
afterbody 1s shown in figure 1, The aerodynamic and propulsive character—
igtics of the model and the dimensions of the forebody and the three
ai‘ter'bodies are given in table I,

The dead rise of the Foreboly was 22-;- for approximately 3 boam

forward of the step end incressed forwerd of this point to fccrm a sharp
bow. The length of the forebody was 5.88 beams. The constant—desd—rise
afterbody and the warped—dead—rise afterbody were k.12 beams in length,
and the extended warped—dead-rise afterbody was 6.63 beams in length.
The afterbodies are shown in figure 2, With the constant—dead—rise
afterbody the model was designated model 228]) with the warped—dead—
rise afterbody, model 2288, and with the extended warped—dead—rise
afterbody, model 228F. The length~beam ratio of models 228D and

228E was 10,0, and the length~beam ratio of model 228F was 12.5. The
depth of step was changed by ralising or lowering the afterbodies, The
depths of step tested with each afterbody and the corresponding model
designations are given in table IT., In the model designation, the
numerical value following the dash is the depth of the step at the centroid
in percent of the beam, The model was also tested without an afterbody
and wes designated model 2282,



N NACA TN No, 1547

The power plant conslisted of four 2-horsepower, three—phase,
veriable—frequency, alternating-current induction motors., Xach motor
turned a four-blade, dural propsller of the paddle—wheel square—tip
type. The elevators were controlled from the towing cerriage. Slats
were attached to the leading edge of the wing in order to make the angle
of stall and the meximum 1ift coefficient correspond to full—-size values.

The pitching moments of inertla of the ballasted model were as
followe:

Pivot position Moment of inertis
(percent M,A,C,) (slugs per sq ft)
20 . 16.8
37 13.5

APPARATUS AND PROCEDURE

The teats were made in langley tank no. 1 which im described in
reference 4, The methods of testing dynamic models are described in
reference 5, The model was tested at the 6~foot water level under the
center of the towing carriage where the alr flow is perallel to the water
surface and the airspeed is approximately 5 percent higher than the
carriage gpeed, The carriage speed is used in the presentetion of
aerodynamic and hydrodynamic date in the present paper. The model was
free to trim about the pivot, which was located at its ballasted center—
of—gravity position, and was free to move vertically but was restrained
in roll and yaw,

During the landing and take—off tesits, continuous records of the
rise of the pivot and trim were made by means of electrical slide—wire
bridges connected to a recording oscillogreph, The speed of the carriage
was recorded, and electricel contacts located flush with the keel of the
model at the step and the sternpost reglstered deflections on the record
when these pointas entered and left the water,

RESULTS

Aerodynemic cheracteristics.— The varlatlion of the effective take-
off thrust of the model with speed together with the estimated scale




NACA TN No, 1547 5.

thrust of the full—size flying boat, is shown in figure 3, The effective

thrust of the model was equal to the scale thrust of the full-size sea—

plane at approximately ome~helf of the get—eway speed. The effective R
thrust of the model was obtained from the following expressiont

T—-AD=D+ R

The values of D and R were determined by towing the model at 0° trim
with the step 8 inches above the surface of the water and with elevators
and flaps set at 0°,

Values of the 1ift and pitching moments were determined at verious
speeds and trims with the model in the air in the same position as for
the determination of the thrust. The moments were taken ebout & point
corresponding to a center—of—gravity location of 25 percent of the mean
aerodynamic chord, Deta were obtained with zero thrust, flaps .
deflected 50°, elevatore deflected —15°, and a speed of 4O feet per second.
The results are plotted in coefficient form in figure 4%, Deta were also
obtained with take—off thrust, flaps deflected 20°, and elevators set
at 09, The resulis are given in figure 5 as a plot of 1lift and pitching
moment against speed.

Hydrodynemic chearacteristics.,~ Ieandings were made with each after—

body at several depths of step over the entire range of ypracticable
landing trim (approx. 4° to 12°), The flaps were deflected 50°, and

the deceleration was approximately 2 feet per second per second, Static
effective thrust for the lendings was 11,6 pounds (one~fourth the static
effective thrust for teke—off), Landings of models 228D-12,0

and 228D-15,0 were made with the center of gravity located at 26 percent
and 34 percent mean serodynemic chard; the landings of the other models
were made with the center of gravity located at 3% percent mean aerody—:
namic chord. The lending tests to determine the minimum depth of step
for each afterbody were made with the center of gravity at 34 percent
mean aerodynamic chord because the tests of models 228D-12,0 and 228D-15.0
showed that the landings at 3% percent mean serodynemic chord were less
stable than those at 26 percent mean serodynamic chord. :

Figure 6 is a photograph of a typical'oscillograph record taken
during a landing of model 228D~17.0. This record shows one skip (that
is, the stev left the water one time). Sinking speed and angular velocity
at contact were obtained from the records by determining the slopes of
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the rise and trim traces with respect to time, The sinking speeds at
contact varied from approximately O.4 to 1.2 feet per second., The
trim of the model was generally decreasing at contact becausse of the
change in aerocdynamic pitching moments as the model approached the
water, The rate of decrease in trim at contact averaged about 1.5
per second,

Time histories showing the varistion of rise, trim, and carrisge
speed for four lendings each of models 228D-12,0, 228E-10.8, and
208F~18.4 are presented in figure 7. Fach of these three models had
an insufficient depth of step for satisfactory landing stability, and
the landing histories show the character of the landing instabllity for
the different afterbodies. The points shown in figures 7(b) and T(c)
at which the step entered and left the water were determined from the
contact deflection on the records, Points &t which the sternpost first
entered the water are shown only for the landings at high trim for
which the stermpost entered before the step.

The number of skips and the maximm and minimm trim and rise dur—
ing the grestest skipping cycles of each landing were determined. These
dete are presented for model 228D-12.0, with the center of gravity
located at 3L percent and 26 percent mean aerodynamic chord, in figure 8.
The results for models 228F-10.8 and 228F-18.h, with the center of
gravity at 34 percent mean aerodynamic chord, are presented in figures 9.
and 10, Similer plots were prepared for the other models, and envelope
curves were falired through the points of maximum and minimm trim and
rige and the maximum number of skipe. The envelope curves for each
afterbody with three depths of step are presented in figure 11. The
envelope curves for the landings of the model with no afterbody,
model 2287, are also presented for comparison in figure 1l.

The meximum number of sgkips, the maximum change in trim, and the
maximm change in rise encountered with each afterbody for each depth
of step were determined from the envelope curves.and are presented in
figure 12,

Trim limits of stability determined at constant speeds for
model 228D-15,0 and 228E-1k4.9 with take—off thrust and flaps deflected
20° are presented in figure 13.

Tests to.determine the variation of trim with speed during teke—
of f were made with take—off thrust, flaps deflected 20° s &nd an accel—
eration of approximetely 1 foot per second per second for models 228p-15.0,
208E~14,9, and 228F-21,8, The elevators were set at 0° and —15°., Repre—
gentative trim tracks for vaerious positions of the center of gravity are
shown in figure 14, Results are presented in figure 15 for the variation
of maximum amplitude of porpolsing with position of the center of gravity.
A comperison of the maximum porpoising amplitudes for the three after—
bodies is shown in figure 16. The effect of elevator deflection on the
renge of position of the center of gravity for satisfactory teke—off
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(2° maximum amplitude of porpoising) is shovn in figure 17.

The range of speed in which spray struck the propellers and flaps
of model 228D-15.0 during take—off was determined. The results are
presented in figure 18. The tests were made with teke—off thrust,
flaps deflected 20°, elevators at 0°, end the center of gravity located
at 30 percent meesn aercdynamic chord. Gross loads of 113,5, 123.5,
136.0, and 145.0 pounde were investigated. _

DISCUSSION

Each of the afterbodies was tested with depths of step insufficient
for satisfactory lending stability and with depths of step adequate or
more than sdequate for satisfactory landing stability. The character
of the landings when the depths of step were insufficient for satis—
factory lending stebillty is shown in the time histories of figure 7.

In each of these landings the trim of the model increased just after

the step entered the water; aerodynamic and hydrodynamic lift were then
increased beceuse of the increased angle of attack of the wing and fore—
body bottom, and the model left the water. This cycle wes repeated
during each skip. As the speed of the towing carriage decreased, the
tendency of the model to skip decreased and the model became stable.
When landings were mede with the afterbody removed, the model increased
in trim after contect and usually left the water once. Part of the
skipping tendency, therefore, was independent of afterbody form or depth
of step and is attributed to the character of the forebody lines. The
skipping of the complete model was more severe than that of the model
with the afterbody removed. THe contribution of the afterbody to the
skipping tendency is explained in reference 6., The skipping is caused
by the flow from the forebody bottom creeting & suction on the bottom

of the afterbedy at high speeds, The suction force causes the model to
inerease in trim and to skip out of the water. During landings at high
trims the skipping of the model with elther of the warped afterbodlies was
further aggravated by upper—limit porpoising. A lerge number of landings
was required to determine the maximum skipping instabllity of each model
for the entire range of practiceble landing trim because of the effect
of such variables as sinking speed and angular velocity at contact,

The importent relationship of depth of step to landing stebility can
be seen from the envelope curves of figure 11, There is a lerge im—
provement in the landing cherecteristics for each afterbody with in-
crease in depth of step., ILanding trim is also an important verisble,
There are pronounced peaks in the plots of rise at greatest cycle
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egeinst landing trim in figure 11. The lergest changes in rise occurred
for landings et about 5° trim for the constant-deed—rise afterbody, for
landings at about 7° trim for the warped—dead—rise afterbody, and for
1andings at about 9° trim for the extended warped—dead—rise afterbody.

The maxirum number of skips and the maximum chenges in trim and
rise for the range of practicable landing trim are a2ll gquantlities which
define in part the skipping instebllity of a particular model. Maximum
cheange in rise is probably the most importent of the three., It cean be
seen in figure 12 that as the depths of step for the two basic after—
bodliee were increased from the minimum depths tested, the maximum
change 1in rise at Iirst decreased rapidly. As the rilse amplitudes
aprroached the value for the model with no afterbody, however, the
decreese in rise amplitude with Increase in depth of step wes almost
negligible, For the rangs of depth of step teated on the extended after—
body, the rate of decrease In rise amplitude with increase in depth of
step was amall and relatively uniform, The maximim number of skips and
the meximum change in trim for each of the afterbodles, in general, varied
with depth of step in the same manner es the meximum change in rise,
The meximum skipping amplitudes for model 228D-12,0 were much less severe
with the center of gravity at 26 percent mean serodynamic chord then with
the center of gravity at 34 percent mean aercdynemic chord.

On the basis of figure 12 the minimum acceptable depth of step for
satisfactory lending stability for each of the three afterbodies was de—
cided to be as follows: )

Depth of step
Afterbody at centroid Step arez
(percent beam) (sq in.)
Constant—desad—rise 15.0 22.8
Warped—dead—-rise 13.0 1.0
Extended warped—dead-rise 21.8 31.8

Depthas of step that had been tested were selected for each afterbody.
The first depths of step on the safe slde of the bresks in the rise
curves of figure 12 were selected for models 228D and 228E. The depth
of step that gave approximately the same meximum chenge in rise as for
these two afterbodies was selected for the extended afterbody. For
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comparable landing stabllity the step area required for the warped—
dead-rise afterbody wes approximately 3.8 square inches lese than that
required for the constant—dead-rise afterbody and approximately

12.8 square inches less than that required for the extended warped—
deaed-rise afterbody. The air drag of the step for the warped—dead—
rise afterbody would therefore be expected to be less than the air
drag of the steps for the other two afterbodies,

Tests were made to determine the take—off stability of each after—
body with the minimum depth of step for esdequate landing stability.
Take—off tests were made with models 228D-15,0, 228E-14.9, and 228F-21.8.
Model 228E-1%4.9 had a depth of step slightly greater than the minimum
for adequate landing stebility but the effect of this difference on take—
off stabllity is considered to be insignificant, The trim limits of
staebility for models 228D-15,0 and 228B-14.9 (fig. 13) are almost the
same and indicete that in this case warping the afterbody has no appreci—
able effect on the trim limits, Figure 1lli, however, shows that model
228E~14,9 encountered upper—limit porpoising with elevators deflected -15°
at positions of the center of gravity for which model 228D-15.0 was stable.
At positlions of the center of gravity of 28 percent, 30 percent, and
32 percent mean aerodynamic chord, model 228B-1%4,9 trimmed up abruptly
at about 38 feet per second end began porpoising., For the same positions
of the center of gravity, model 228D-15.0 trimmed up more slowly and a
emaller amount than model 228E-14,9 and remsined stable,

Figure 17 shows that satisfactory take—offs could be made with a
fixed elevator deflection of —=15° at positions of the center of gravity
from 20,0 to 35,0 percent mean aerodynamic chord for model 228D-15,0,
20.4 to 29.3 percent mean aerodynamic chord for model 228F-1%,9, and
approximately 18.3 to 33.3 percent mean serodynamic chord for
model 228F-21.8. The range of position of the center of gravity for
satisfactory take—offs for models 228D-15.0 and 228F-21.8 was 15 percent
mean aerodynamic chord whereas the range for model 228E-1%.9 was only
9 percent mean serodynamic chord.

The observations made and the spray data obtained indicated that
the spray characteristics of models 228D-15.0, 228E-13.0, and 228F—21.8
were satisfactory as was to be expected since the value of the spray
criterion k (reference 3) is 0,065, which is in the region for light
spray. Spray in the propellers and flaps during teke—offs and lendings
at the design gross loed was not excessive for any of the three models.
During take—offs of the models, the forebody blister wetted the hori—
zontal tail at speeds above 20 feet per second. This spray, which was
broken up by the action of the slipstream, was not heavy. During the
landing runouts (one—fourth take—off thrust), the slipstream did not
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break up this blister and, consequently, a heavy Jet of water struck the
tail, At high speeds, intermittent spray on the horizontal tall caused
a small oscillation in trim (lese than 2°) during take—offs. The speeds
at which this oscillation occurred are indicated by short vertical lines
on the trim tracks of figure 1k,

CONCLUSIONS

Three types of afterbodies were tested on a -flé-—size powered dynamic
model of & large flying boat having a basic length—beam ratio of 10,0,
landing, take—off, and spray tests were made with a constant-dead-rise
afterbody, a warped-dead—-rise afterbody, and an extended warped—dead—
rise afterbody. The results of the teste indicated the following con—
clusions:

1. The minimmm depth of step at the centroid for satisfactory land—
ing ebability was 15,0 percent of the beam for the constant—dead—rise
efterbody, 13.0 percent of the beam for the warped—dead-rise afterbody,
and 21.8-percent of the beam for the extended warped—dead-rise afterbody.

2, With the minimum depth of step for adequete landing stability,
the upper and lower trim limits of stabllity for the constant—dead—rise
afterbody and the warped-dead-rise afterbody were almost the same,

3. With the minimum depth of step for adequate landing stability,
satisfactory take—offs (2° maximum amplitude of porpoising) could be made
with a fixed elevator deflection of -15° over a range of center—of—
gravity positlons of 15 percent mean aercdynamic chord for the constant—
dead—rise afterbody, 9 percent mean aerodynamic chord for the warped—
dead—rige afterbody, and 15 percent meen aerodynamic chord for the
extended warped—dead-rise afterbody.

4, The spray cheracteristics for each afterbody with the minimmm
depth of step for adequate lending stability were satlsfactory.

Langley Memorial Aeronsutical leboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va,, November 24, 1947



NACA TN No., 1547 , . 11

REFERENCES

1, Yates, Campbell C., ‘and Riebe, John M.: Effect of Length-Beam Ratio
on the Aerodynamic Characteristics of Flying-Boat Hulls,
NACA TN No. 1305, 19k7.

2., Benson, James M,, and Bidwell, Jerold M,: Bibliogrephy and Review
of Information Relating to the Bydrodynamics of Seaplanes,
NACA ACR No, 15G28, 1945.

3. Parkinson, John B.: Design Criterions for the Dimensions of the
Forsbody of o Long-Range Flying Boat. NACA ARR No. 3K08, 19k3.

4, Truscott, Starr: The Enlarged N,A.C.A, Tenk, and Some of Its Work.
NACA T™ No. 918, 1939.

5. Truscott, Starr, and Olson, Roland E.,: The ILongitudinal Stability
of Flying Boats as Determined by Tests of Models in the NACA Tank,
IT — Effect of Variastion in Form of Hull on Longitudinal Stebility,
NACA ARR, Nov. 19k2,

6. Parkinson, John B.: Note= on the Skipping of Seaplanes. NACA RB
No. 3I27, 1943. : _



AERODYNAMIC AND PROPULSIVE

OF LANGLEY TANK MODEL

Design gross loed, 1b « « « &
Gross load coefficient, QAO

Wing area, sq £t . . .
Take—off horsepower , .
Wing loading, 1b/sq ft
Power loading, lb/hp .
Over—all length, 1n.
Location of centroid of step,

Height of center of gravity above base

Wing?
S'Da.n, in. L] L] L] L] * - L] L] L]

Angle of wing setting to ba
Mean eerodynemic chord (M.A.C.), in,

Leading edge, M.A.C.
Aft of bow, in. . . . . .
Above base line,in, . ., .
Flaps (slotted)
Teke—off deflection, deg
Landing deflection, deg

Horizontal tall surfaces:
Spa.n, INe ¢« o ¢ v ¢ o o o o
leading edge at root

Aft of bow, in. e o 8 o
Above base line, ino o o
Angle of stabilizer to base
Dihed.ra.'l., d.eg e o & o o o &

Propellers:

Number . o «
Bledes . . .

Diameter, in,

TABLE I

NACA TN No, 1547

CHARACTERISTICS AND HULL DIMENSIONS

228 AND FULI~SIZE FLYING BOAT

e o s o o

percent

Blede angle (3/4 redius), deg
Revolutions per minute with full power
Angle of thrust line to base line, deg

se line

<A

Cle o o o @

ine,

s deg

e & o o

i-eal:’uze

10
model

63.7
22,2

20
50

66 .4

130,36
24,83
—loo
10,0

18,1
10.0
5250

2.0

Full-size
flying boat

125,000
1.95
2,100
13,200
59 .5
9.h7
1517.0
36.1
172.2

1,740
5.0
189

637
222

20
50

664

1303.6
248.3
=1.0
10,0

|| &
I 2

o
-
o
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TABILE I — Concluded
AERCDYNAMIC AND PROFULSIVE CHARACTERISTICS AND HULL DIMENSIONS

OF LANGLEY TANK MODEL 228 AND FULL-SIZE FLYING BOAT — Concluded

é%-size Full—size
model flying boat
Forebody of hull:
thi.mmbeam,in. e ¢ % &6 ¢ ¢ ©® 8 o & o o » 1200 120
Iength from bow to centroild of step, in. ., . 70.ho 7049
Angle of step (V=type), 68 + « ¢ « o o « o o 30 30
Angle of forehody keel to base line, deg . . o} 0
Angle of dead rise at step, deg S
Excluding chine flare . . « ¢« ¢« ¢« o ¢ ¢ o « 22.5 22,5
Including chine flare . . . + o« « o o « o o 18,0 18.0
Extent of constant dead rise from centroid
of step, beams e 4 e 4 e o s e o o o o a 3/4 3/h
Congtant—-dezd-rise afterbody:
Length from centroid of step to sternpost, in, ko .51 Los.,1
Length—beam 78510 . . ¢« « v o ¢ o o o o o o @ k,13 k.13
Angle of afterbody keel, deg€ . « « « « « « « 6.5 6.5
Angle of dead rise, dOg « . ¢ « o o« ¢ o ¢ o o 22.5 22,5
Warped—dead—rise afterbody:
Iength from centroid of step to sternpost, in. 49,51 495,1
Iength—beam ra-tio » e ® & & & ° &6 o 0 o o o 9 )'"ol3 h-l3
Angle of a.fterbOdy keel, deg e © o o @ @ o o 6.5 6.5
Extended warped-~dead—rise afterbody:
Length from centroid of step to sternpost, in. 79,61 T96,.1
Iﬂngth-be&m. raetio e 5 ® o 6 06 © ¢ o © o o 6.63 6.63
Angle of afterbody keel, deg€ o « o o« o o o o 8.5 8.5

|



TABIE IT

MODEL DESIGNATIONS AND STEP DATA

Depth of Step
— At keel At centroid Nean Step | Sternpost

Afterb Langle Percent Percent Percent| earea angle
ody model Inches beam | Tuches beam | INches| poam (sq in) (deg)
(008D-12.0 1.69 | 1.1 1.4 | 12,0 1,54 | 12.8 18.5 8.5

Constant— <2281)—13.6 1.88 | 15.7 1.63 | 13.6 1.73 | 1b.3 20,7 8.7
deed-rige | |228D-15.,0 2,05 | 17.1 1.80 | 15.0 1.90 | 15.8 22.8 8.9
208D-17.0 2.290 | 19,1 2,04 | 17.0 2.4 | 17.8 25,7 9.2

(208E-8,9 97 8.1 1.07 8.9 1.9 | 9.1 13.1 T.7

2988-10,8 1.19 9.9 1.29 10.8 1.31 | 10.9 15.7 T.9

. 2088-11..7 1,31 10.9 1.4 1.7 1.43 1 11.9 17.2 8.1
Warped— | /oogr33,0 | 1.46 | 12,2 | 1,5% | 13.0 | 1,58 { 13.2 | 19.0 8.3
dead-rise | |o08p 3l .9 1.69 | 1%x.1 1.9 | 1k.9 1.81 | 151 21.7 8.5
228E-17,9 2.05 17.1 2,15 17.9 2,17} 18.1 26,0 8.9

206E-19.9 2.29 | 19.1 2.39 | 19.9 2.1 | 20.1 28.9 9.2

Extended 228E-11.7 1.31 | 10.9 1.0 | 11,7 1.3 | 1.9 17.2 9.k
warped— o28R-18 4 2.12 17.7 2,21 | 18,k 2,2k | 18,7 26.9 9.9
dead—rise 228p-21,8 2.53 21.1 2,62 21.8 2,65 | 22,1 31.8 10.2
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